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-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address - 
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 

- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U S C § 1 33). 

- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment See 37 CFR 1 704(b). 

Status 

1 )□ Responsive to communication(s) filed on 05 June 2000 . 
2a)D This action is FINAL. 2b)|3 This action is non-final. 

3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 CD. 11, 453 O.G. 213. 

Disposition of Claims 

4) Q Claim(s) 1-36 is/are pending in the application 

4a) Of the above claim(s) 27-36 is/are withdrawn from consideration. 

5) D Claim(s) is/are allowed. 

6) Q Claim(s) 1^26 is/are rejected. 

7) Q Claim(s) is/are objected to. 

8) D Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

9) Q The specification is objected to by the Examiner. 

10) Q The drawing(s) filed on 05 June 2000 is/are: a)E accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1 .85(a). 

11) Q The proposed drawing correction filed on is: a)D approved b)D disapproved by the Examiner. 

If approved, corrected drawings are required in reply to this Office action. 

12) D The oath or declaration is objected to by the Examiner. 
Priority under 35 U.S.C. §§119 and 120 

13) Q Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 1 19(a)-(d) or (f). 

a)n All b)Q Some*c)D None of: 

1 .□ Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. 

3. D Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 

14) Q Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application). 

a) □ The translation of the foreign language provisional application has been received. 

15) D Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121. 
Attachment(s) 

1 ) □ Notice of References Cited (PTO-892) 4) □ Interview Summary (PTO-41 3) Paper No(s). 



2) □ Notice of Draftsperson's Patent Drawing Review (PTO-948) 5) Q Notice of Informal Patent Application (PTO-1 52) 

3) □ Information Disclosure Statement(s) (PTO-1449) Paper No(s) 1^ 6) □ Other: 
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DETAILED ACTION 

Election/Restrictions 

1. Applicant's election with traverse of Group I, claims 1 - 26 in Paper No. 4 is 
acknowledged. The traversal is on the ground(s) that the method and product claims 
interrelated and the field of search must necessarily cover both the methods and the 
product class/subclasses and are coextensive. Therefore the restriction is speculative. 
This is not found persuasive because the examination of all claims will require 
searching in additional classes and subclasses putting undue burden on the examiner. 

The requirement is still deemed proper and is therefore made FINAL. 

2. Claims 27 - 36 were withdrawn from further consideration pursuant to 37 CFR 
1.142(b), as being drawn to a nonelected Group II, there being no allowable generic or 
linking claim. Applicant timely traversed the restriction (election) requirement in Paper 
No. 4. 

Specification 

3. The title of the invention is not descriptive. A new title is required that is clearly 
indicative of the invention to which the claims are directed. 

The following title is suggested: "Method of forming multi-layer diffusion barrier 
for copper interconnections". 

Claim Rejections - 35 USC § 103 

4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
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invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

5. Claims 1 - 10, 12 - 23, 25 and 26 rejected under 35 U.S.C. 103(a) as being 

unpatentable over Edelstein, US 6,181,012 in view of Danek, US 5,943799 and Hsu, 

US 6,194,310, US 6,194,310. 

Regarding claims 1 and 14, Edelstein teaches a method to prevent copper 

Diffusion in an integrated circuit comprising: 

• providing a substrate of wafer 52 (column 6, line 1) having an insulator layer 54 
(column 6, line 62) deposited on the substrate 52 with reference to Fig. 2; 

• providing first level of conducting wire 46 (column 6, line 64) over the insulator 
layer with reference to Fig. 2; 

• depositing first and second dielectric layer 54 (column 6, line 62) over the first 
level of conducting wire 46 with reference to Fig. 2; 

• patterning and etching the dielectric layers forming dual damascene trench/via 
openings 84 (column 7, line 40) with reference to Figs. 2 and 4A; 

• depositing a barrier layer 72 (column 7, line 39) of W, WN and WSiN (column 9, 
line 31) with reference to Figs. 2 and 4A; 

• depositing by electrochemical deposition (ECD) (column 7, line 57) a copper 
seed layer 76 or 86 (column 9, line 35); 

• depositing by ECD copper conducting material 90 (column 7, line 42) over the 
seed layer (see column 7, lines 57 - 61) with reference to Figs. 2 and 4C and 
removing excess material layers to form the copper dual inlaid structure (see 
Figs. 2 and 4C) in column 7, lines 43 - 46; 



Application/Control Number: 09/587,465 Page 4 

Art Unit: 2829 

Edelstein teaches barriers containing materials such as W, WN and WSiN but fails 
to expressly teach depositing a first barrier layer of WN, then silanize the WN layer with 
silane gas to form WSiN over WN and depositing a W barrier layer to form a composite 
diffusion barrier layer structure of W / WSiN / WN. 

Danek teaches a method of depositing composite multi-layer barrier structures 
especially comprising a layer sequence of W / WSiN / WN with reference to Figs 1 and 
2 throughout the disclosure. Danek teaches the desirability of designing a suitable 
multi-layered diffusion layers in terms of integrity, resistivity and adhesion among other 
things in great detail. Danek teaches that TiSiN can be made by silane treatment of TiN 
and Hsu teaches that the same process can be applied for WSiN in column 5, lines 20 - 
24. 

Danek and Hsu fail to expressly teach the processing steps of providing 
insulator/dielectric layers, patterning and etching to form trench to be filled by Cu seed 
layer and ECD Cu layer. 

However, given the substantial teaching of Edelstein in view of Danek and Hsu, it 
would have been obvious to one with ordinary skill in the art at the time of the invention 
to modify Edelstein's barrier layer structure by incorporating multi-layer barrier structure 
taught by Danek and Hsu by depositing a first barrier layer of WN, then silanize the WN 
layer with silane gas to form WSiN over WN and depositing a W barrier layer to form a 
composite diffusion barrier layer structure of W / WSiN / WN so that a greatly improved 
barrier layer is formed to prevent Cu diffusion. 
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Regarding claims 2 and 15, Edelstein teaches substrate 52 as an IC module with 
CMOS devices in column 6, lines 51 - 61 . 

Regarding claims 3 and 16, Edelstein teaches silicon dioxide dielectric/insulator 
in column 2, line 9. 

Regarding claims 4 - 7 and 17 - 20, Edelstein does not expressly teach the 
deposition process or the thickness of the WN barrier layer. 

Danek teaches W and WN deposition by CVD and PECVD in column 5, lines 14 
- 18 and barrier thickness less than 100 Angstroms in column 2, Iine31. 

Therefore, given the substantial teaching of Edelstein in view of Danek and Hsu, 
it would have been obvious to one with ordinary skill in the art at the time of the 
invention to modify Edelstein's barrier layer structure to have the composite layered 
structure with appropriate thickness through routine experimentation and optimization to 
achieve optimum benefits (see MPEP 2144.05) and it would not yield any unexpected 
results. 

Note that the specification contains no disclosure of either the critical nature of 
the claimed processes or any unexpected results arising therefrom. Where patentability 
is said to be based upon particular chosen methods or upon another variable recited in 
a claim, the Applicant must show that the chosen methods or variables are critical 
(Woodruff, 919 F.2d 1575, 1578, 16 USPQ2d 1934, 1936 (Fed. Cir., 1990)). See also 
In re Allen Lacey and Hall (10 USPQ 233 - 237) "It is not inventive to discover optimum 
or workable ranges by routine experimentation". 
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Regarding claims 8 and 21, Edelstein fails to expressly teach the method of 
forming the WSiN layer. 

Danek teaches the method for forming TiSiN by the silane treatment with 
ammonia at a temperature of 300°C in column 5, line 60 and column 6, line 14. As 
described earlier, Hsu teaches that processing of WSiN is similar to Ti. 

Therefore, given the substantial teaching of Edelstein in view of Danek and Hsu, 
it would have been obvious to one with ordinary skill in the art at the time of the 
invention to modify Edelstein's barrier layer structure to have the composite layered 
structure containing WSiN layer on WN layer of appropriate thickness through routine 
experimentation and optimization to achieve optimum benefits. 

Regarding claims 9 and 22, Edelstein teaches seed layer formation by ECD, 
PVD and thickness in column 9, lines 31 - 45. 

Regarding claims 10 and 23, Edelstein teaches ECD process for forming the 
main copper conductor in column 7, lines 57 - 60. 

Regarding claims 12 and 25, Edelstein teaches planarization to remove excess 
Cu by CMP in column 7, lines 44 - 46. 

Regarding claims 13 and 26, Edelstein teaches multilevel interconnect structures 
for VLSI under the heading background of the invention. 

Edelstein in view of Danek and Hsu does not expressly teach creating multilevel 
structure by repeating the processes of claim 1 and 14. 

However, given the substantial teaching of Edelstein in view of Danek and Hsu, it 
would have been obvious to one with ordinary skill in the art at the time of the invention 
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to modify Edelstein's barrier layer structure to create multilevel structure by repeating 
the processes of claim 1 and 14. 

6. Claims 11 and 24 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Edelstein, US 6,181,012 in view of Danek, US 5,943799 and Hsu, US 6,194,310, 
US 6,194,310 as applied to claims 1 and 14 above, and further in view of Yu, US 
6,291,332 and Hsu, US 6,054,382. 

7. Edelstein in view of Danek and Hsu fails to teach ECD copper deposited on seed 
layer and barrier layer with fine grained <1 1 1> structure. 

Yu teaches the relevance of <1 1> seed deposition which will ultimately result in 
fine grained Cu plug of <1 1 1 > orientation in column 2, lines 28 - 40. 

Hsu teaches the desirability of <1 1 1 > texture of metal conductors for 
electromigration resistance in column 1, lines 21 -26. 

Therefore, given the substantial teaching of Edelstein in view of Danek and Hsu, 
and further in view of Yu and Hsu, it would have been obvious to one with ordinary skill 
in the art at the time of the invention to modify Edelstein's ECD Cu deposition in the 
trench so that fine grained Cu plug of <111> orientation is formed. <111> Cu texture 
results in the growth of fine-grained structure and fine-grained <111> textured Cu 
structure is more resistant to electromigration than the face-centered cube texture 
<100>. 

8. Claims 1 - 13 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Edelstein, US 6,181 ,012 in view of Koyama, US 5,990,008. 

These claims combined with other prior arts as were described in the previous 
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paragraphs can also be rejected as being unpatentable over Edelstein in view of 
Koyama. 

Koyama teaches dual layer barrier structure of WN and WSiN in column 7, lines 

4-17. 



9. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Asok K. Sarkar whose telephone number is 703 238 
2521. The examiner can normally be reached on Monday - Friday (8 AM- 5 PM). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Michael J. Sherry can be reached on 703 308 1680. The fax phone 
numbers for the organization where this application or proceeding is assigned are 703 
308 7722 for regular communications and 703 308 7722 for After Final communications. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the receptionist whose telephone number is 703 308 
4918. , j I „ ' ^ 



Conclusion 




Asok K. Sarkar 
February 1 , 2002 




